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TABLE 1 -continued 







BACKBONE 


176 






177 


tcct gtcgctcctgt eg ctcctgtcgct 


° 


178 


tCCt^^C^^^^ El&gt 


° 


179 


tcctga2gttgaagt 




180 


tc *rtgacgttgaagrt 


° 


181 


tcct agcgttgaagt 


° 


182 




° 


183 


tcct gacggggaagt 




184 


tcct ggcggt ga&gjt 




185 


ggo Lccggggagggaatttttgtctat 


o 


186 


atagacaaaaattccct cccc^q^cc 


o 


187 


tccatgagcttcctt gagtct 


rna 


188 
189 


tcqtcgctgtctccgcttctt . 


s20 


190 


tcgagac&ttgcacaatcatc tg 


o 


19 1 


cagatt gtgcaatgtctcga 


o 


192 


tcca tg tcgtt cctgat gcg 


o 


193 


gcga tg tcgttcctgat get 


o 


194 


gcga tg tcgtt cctgat gcg 


o 


195 


tccatg tcgtt ccgcgcgcg 


o 


19 6 


tccatgtcgtt cctgccgct 


o 


197 


tcca tg tcgtt cctgtagct 


o 


198 


gcggcgggcggcgcgcgccc 


o 


19 9 


atcaggaacgtcatgggaagc 


o 


200 


tccatgagctt cctgagtct 


p-ethoxy 


20 1 


teaaegtt 


p-ethoxy 


202 


tcaagctt 


p-ethoxy 




tcctgtcgttcctgtcgtt 


s 


204 


t cca tg tcgtt tttg tcgtt 


s 


205 


tcct gtcgttccttgtcgtt 


s 


20 6 


tcct tgtcgtt cctgtcgtt 


s 


207 


bt ccat tccat gaegtt cctgatgcttcca 


OS 




tccx gtcgttttt tgtcgtt 


s 


209 


tegt cget gtc tccgcttctt 


s 


210 




s 


21 1 


tegt cget gtt gtcgtttctt 


5 


212 


tec tgtcgtt c ctgtcgttggaacgacagg 


o 


213 


tcct gtcgtt cctgtcgtt tcaacgtcaggaacgacagga 


o 


214 


y y y y ^y y y^jy^j 


SOS 


215 


gggg tc t g tgc tttt gggggg 


SOS 


216 


tccggccgttgaagt 


o 


217 


t ccg gacggtgaagt 


o 


218 


tcccgccgttgaagt 


° 


219 


tccagacggtgaagt 




220 


tcccgacggtgnagt 




221 


tcca gage ttgaagt 




222 


tccatg tzgtt cctgtzgtt 




223 


tcca tgacgttcctgacgt t 




224 


dciaatt aacat tttaaaaaa 




225 


tccaggac ttctctcaggtt 




226 


tttttttttttttttttttt 




227 


tccatgccgttcctgccgtt 




228 






229 


tcca tgac gtt cctgcc gtt 




230 


tccatgacgttcctgacggg 


5 


231 


tccatgacgttcctgcgttt 


s 


232 


tccatg acggtcctgacggt 


5 


233 


tccatgcgtgcgtgcgtttt 


5 


234 


tccatgcgttgcgttgcgtt 


s 


235 


btccattccattctaggcctgagtcttccat 


OS 


236 


tccatagcgttcctagcgtt 


o 


237 


tccatgtcgttcctgtcgtt 


o 


238 


tccatagcgatcctagcgat 


o 


239 


tccattgcgttccttgcgtt 


o 


240 


tccatagcggtcctagcggt 


o 


241 


tccatgattttcctgcagttcctgatttt 




242 


tccatqacottccfcqcAn_ttcctaacatt 


9 


243 


ggcggcg^ggcggcggcgg ^ft 


O 


244 


tccacgacgttttcgacgtt 


S 


245 


t cgt eg t tgtcgtt gtcgtt 


3 


246 


tcgtcgttttgtcgttttgtcgtt 


S 


247 


tcgtcgttgtcgttttgtcgtt 


s 


248 


gcgtgcgttgtcgttgtcgtt 


s 


249 


czggczggczgggczccgg 


o 
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TABLE 1 -continued 



SEQ ID NO: ODN SEQUEKCE BACKBONE 



250 


gcggcgggcggcgcgcgccc 


s 


251 


agicccgigaacgiattcac 


o 


252 


tgtcgtttgtcgtttgtcgtt 


s 


253 


tgtcgttgtcgttgtcgttgtcgtt 


s 


254 


tgtc gt tg tc^^gtcg tt gt cgtt 


s 


255 


t c g t c g t/gtcgtt* s "«* ^ 

tgtcgttgtcgtt 


s 


256 


s 


257 


cccccccccccccccccccc 


s 


258 


tctagcgtttttagcgttcc 


SOS 


2S9 


tgcatcccccaggccaccat 


s 


260 


tcgtcgtcgtcgtcgtcgtcgtt 


SOS 


261 


tcgtcgttgtcgttgtcgtt 


SOS 


262 


tcgtcgttttgtcgttttgtcgtt 


SOS 


263 


tcgtcgttgtcgttttgtcgtt 


SOS 


264 


ggggagggaggaacttcttaaaattcccccagaatgttt 


o 


265 


aaacattctgggggaattttaagaagttcctccctcccc 


o 


266 


atgtttacttcttaaaattcccccagaatgttt 


o 


267 


aaacattctgggggaattttaagaagtaaacat 


o 


268 


atgtttactagacaaaattcccccagaatgttt 


o 


269 


aaacattctgggggaattttgtctagtaaacat 


o 


270 


aaaattgacgttttaaaaaa 


SOS 


271 


ccccttgacgttttcccccc 


SOS 


272 


ttttcgttgtttttgtcgtt 




273 


tcgtcgttttgtcgttttgtcgtt 


SOS 


274 


ctgcagcctgggac 


o 


275 


acccgtcgtaattatagtaaaaccc 


o 


276 


ggtacctgtggggacattgtg 


o 


277 


agcaccgaacgtgagagg 


o 


278 


tccatgccgttcctgccgtt 


o 


279 


tccatgacggtcctgacggt 


o 


280 


tccatgccggtcctgarcggt 


o 


281 


tccatgcgcgtcctgcgcgt 


o 


282 


ctggtctttctggtttttttctgg 


s 


283 


tcaggggtggggggaacctt 


SOS 


284 


tccatgasgttcctagttct 


o 


285 


tccatgatgttcctagttct 


o 


286 


cccgaagtcatttcctcttaacctgg 


o 


287 


ccaggttaagaggaaatgacttcggg 


o 


288 


tcctgg2ggggaagt 


o 


289 


gzggzgggzggagzgzgccc 


X 


290 


tccatgtgcttcctgatgct 


o 


291 


tccatgtccttcctgatgct 




292 


tccatgtcgttcctagttct 




293 


tccaagtagttcctagttct 


o 


294 


tccatgtagttcrctagttct 


o 


295 


tcccgcgcgttccgcgcgtt 


S 


296 


tcctggcggtcctggcggtt 


s 


297 


tcctggaggggaagt 


o 


298 


tcctgggggggaagt 


o 


299 


tcctggtggggaagt 


o 


300 


tcgtcgttttgtcgttttgtcgtt 


o 


30 1 


ctggtctttctggtttttttctgg 


o 


302 


tccatgacgttcctgacgtt 


o 


303 


tccaggacttctctcaggtt 


SOS 


304 


tzgt zgttttgtzgttttgtzgtfc 


o 


305 


btcgtcgttttgtcgttttgtcgttttttt 


OS 


306 


gctatgacgttccaaggg 


S 


307 


tcaacgtt 


s 


308 


tccaggactttcctcaggtt 


o 


309 


ctctctgtaggcccgcttgg 


s 


310 


ctttccgttggacccctggg 


s 


311 


gtccgggccaggccaaagtc 


S 


312 


gtgcgcgcgagcccgaaatc 


s 


313 


fcccatgaigttcctgaigtt 


s 


314 


aatagtcgccataacaaaac 


o 


315 


aatagt cgccatggcggggc 


o 


316 


btttttccatgtcgttcctgatgcttttt 


OS 


317 


tcctgtcgttgaagtttttt 


o 


318 


gctagctttagagctttagagctt 


o 


319 


tgctgcttcCjp ccccccccc 


o 


320 


tcgacgttcffccJTcca^ccc 


o 


321 


tcgtcgttccccc^cccccc^c 
tcgtcgttcccca/iccccyic 


o 


322 


o 


323 


tcgccgttcccccccccccc 


o 
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TABLE 1 -continued 



SEQ ID NO: ODN SEQUENCE BACKBONE 



324 


tcgtcgatcccccccccccc 


o 


325 


tcertgacgttgaagt 


s 


326 


tcctgccgttgaag* 


s 


327 


tcrctgacggtgaagt 
t^Krtgagcttgaagt 


s 


328 


s 


329 


tcctggcgggctaagt 


s 


330 


aaaatctgtgfttttaaaaaa 


SOS 


331 


gatccagtcacagtgacctggcagaatctggat 


o 


332 


gatccagattctgccaggtcacf gtgactggat 
gatccagtcacagtgactcag^PSgaatctggat 


o 


333 


o 


334 


gatccagattctgcrtgagtcaetg-tgactggat 


o 


335 


tcgtcgttccccccczcccc 


o 


336 


tzgtqgttcccccccccccc 


o 


337 


tzgtcgttcccccccccccc 


o 


338 


tcgtzgttcccccccccccc 


o 


339 


tcgtcgctcecccccccccc 


o 


340 


tcgtcggtcccccccccccc 


o 


341 


tcggcgttcecccccccccc 


o 


342 


ggccttttcccccccccccc 


o 


343 


tcgtcgttttgacgttttgtcgtt 


s 


344 


tcgtcgttttgacgttttgacgtt 


s 


345 


ccgtcgttcccccccccccc 


o 


346 


gcgtcgttcccccccccccc 


o 


347 


tcgtcattcccccccccccc 
acgtcgttcccccc^/tcccc 


o 


348 


o 


349 


ctgtcgttcccccccccccc 


o 


350 


btttttcg-fccgttcc cccccccccc 


OS 


351 


tcgtcgttccccccccccccb 


o 


352 


tcgtcgttttgtcgttttgtcgttb 


o 


353 


tccagttccttcctcagtct 


o 


354 


tzgtcgttttgtcgttttgtcgtt 


o 


355 


tcctggaggggaagt 


s 


356 


tcctgaaaaggaag-t 


s 


357 


tcgtcgttccccccccc 


s 


358 


tzgtzgttttgt2gttttgtzgtt 


s 


359 


gggg-tcaagcttgagggggg 


SOS 


360 


tgctgcttcccccccccccc 


s 


361 


tc gt c g t c g t c g 1 1 


s2 


362 


tcgtcgtcgtcgtt 


s20 


363 


tcgtcgt-cgtcgtt 


os2 


364 


tcaacgttga 


s 


365 


tcaacgtt 


s 


366 


atagttttccatttttttac 




367 


aatagtcgccatcgcgcgac 


o 


368 


aa-fcagtcgccatcccgggac 


o 


369 


aatagtcgccatcccccccc 


o 


370 


tgctgcttttgtgcttttgtgctt 


o 


371 


ctgtgctttctgtgtttttctgtg 


s 


372 


ctaatctttctaatttttttctaa 


s 


373 


tcgtcgttggtgtcgttggtgtcgtt 


3 


374 


tcgtcgttggttgtcgttttggtt 


5 




accatggacgagctg tttcccctc 




376 


tc gt c gt t tt g eg t g c g 1 t 1 


s 


377 


ctgtaagtgagcttggagag 




378 


gagaaege "tggaccttcc 




379 


cgggcgactcagtctatcgg 




380 


gttctcagataaagcggaaccagcaacagacacagaa 




381 


ttctgtgtctgttgctggttccgctttatctgagaac 




382 


cagacacagaagcccgatagacg 




383 


agacagacacgaaacgaccg 




384 


gtctgtcccatgatctcgaa 




385 


gctggccagcttacctcccg 




386 


ggggcctctatacaacctggg 




387 


ggggtccctgagacrfcgcc 




388 


gagaacgctggaccttccat 




389 


tccatgtcggt cctgat get 




390 


ctcttgegacctggaaggta 




391 


aggtacagccaggactacga 




392 


accatggacgasctgtttcccctc 




393 


accatggattacctttttcccctt 




394 


atggaaggtccagcgttctc 


o 


395 


agcatcaggaccgacatgga 


O 


396 


ctctccaagctcacttacag 




397 


tccctgagactgccccacctt 
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TABLE 1-continued 



SEQ ID NO: ODH SEQUENCE BACKBOHE 



471 


tcagctctggtactttttca 






tggttacggtctgtcccatg 




473 


gtctatcggaggacfcggcgc 




474 


cattttacgggcgggcgggc 




475 


gaggggaccatfcttacgggc 




476 


tgtccagccgaggggaccat 




477 


cgggettacggcggatgctg 




478 


tggaccttctatgtcggtcc 




479 


tgtcccatgtttttagaagc 




480 


gtggttacggtcgtgcccat 




481 


cctccaaatgaaagaccccc 




482 


ttgtactctccatgatggtt 




483 


ttccatgctgttccggctgg 




484 


gaccttctatgtcggtcctg 




485 


gagaccgctcgaccttcgat 




486 


ttgccccatattttagaaac 




487 


ttgaaactgaggtgggac 




488 


ctatcggaggactggcgcgcc 




489 


cttggagggcctcccggcgg 




490 


gctgaaccttccatgctgtt 




49 1 


tagaaacagcattcttcttftagggcagcaca 




492 


agatggttctcagataaagcggaa 




493 


ttccgctttatctgagaaccatct 




494 


gtcccaggttgtatagaggctgc 




495 


gcgccagtcctccgatagac 




496 


atcggaggactggcgcgccg 




497 


ggtctgtcccatatttttag 


SOS 


498 


tttttcaacgttgagggggg 


SOS 


49 9 


•Jttttcaagcgttgatttttt 


SOS 


500 


ggggtcaacgttgatttttt 


SOS 


50 1 


ggggttttcaacgttttgagggggg 


SOS SOS 


502 


ggiitacggtctgtcccatat 




503 


ctgtcccatatttttagaca 




50 4 


accatcctgaggccattcgg 




505 


cgtctatcgggcttctgtgtctg 




506 


ggccatcccacattgaaagtt 




507 


ccaaatatcggtggtcaagcac 




508 


gtgcttgaccaccgatatttgg 




509 


gtgctgatcaccgatatcctgttcgg 




510 


ggccaactttcaatgtgggatggcctc 




511 


ttccgccgaatggcctcaggatggtac 




512 


tatagtccctgagactgccccaccttctcaacaacc 




513 


gcagcctctatacaacctgggacggga 




514 


ctatcggaggactggcgcgccg 




515 


tatcggaggactggcgcgccg 




516 


gatcggaggactggcgcgccg 




517 


ccgaacaggatatcggtgatcagcac 




518 


ttttggggtcaacgttgagggggg 






ggggtcaacgttgagggggg 


SOS 


520 


cgcgcgcgcgcgcgcgcgcg 


3 


52 1 


ggggcatgacgttcgggggg 


ss 


522 


ggggcatg aegttcaaaaas 


s 


523 


ggggcatgagcttcgggggg 


s 


524 


ggggcatgacgttcgggggg 


SOS 


525 


aaGGl* a I- y Cl >— y L- L-t^-uCiuCIClCl 


SOS 


526 


aaaacatgacgttcgggggg 


SOS 


527 


ggggcatgacgttcaaaaaa 


SOS 


528 


accatggacgatctgtttcccctc 


s 


529 


gccatggacgaactgttccccctc 


s 


530 


cccccccccccccccccccc 


SOS 


531 


gggggggggggggggggggg 


SOS 


532 


gctgtaaaatgaatcggccg 


SOS 


533 


ttcgggcggactcctccatt 


SOS 


534 


tatgccgcgcccggacttat 


SOS 


535 


ggggtaatcgatcagggggg 


SOS 


536 


tttgagaacgctggaccttc 


SOS 


537 


gatcgctgatctaatgctcg 


SOS 


538 


gtcggtcctgatgctgttcc 


SOS 


539 


tcgtcgtcagttcgctgtcg 


SOS 


540 


ctggaccttccatgtegg 


SOS 


541 


gctcgttcagcgcgtct 


SOS 


542 


ctggaccttccatgtc 


SOS 


543 


cactgtccttcgtcga 


GOS 


544 


cget ggac cttccatgtcgg 


6 OS 
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TABLE 1-oontinued 



2 ID HO 


: ODH SEQukNCfc. 


BACKBONE 


545 


gctgagct cat gccgtctgc 


SOS 


546 


aacgct ggaccttccatgtc 


SOS 


547 


tgc&toccg^acaca gctct 


SOS 


548 


cctt ccatgtcggtcct gat 


SOS 


549 


tact ct tc gga t ccc 1 1 gc g 


SOS 


550 


ttccatgtcggtcctgat 


SOS 


551 


ctgattgctctctcgtga 


SOS 


552 


t ^9gcgttattcc tgactcgcc 


o 


553 


J cctacg tt gta t gcg cc cage t 


° 


554 


ggggtaat cgatgagggggg 


o 


555 


tt cgggcggac tcctccott 


o 


556 


tttttttttttttttttttt 


o 


557 


gggggtttttttttt ggggg 


o 


558 


tttttgggqggggggttttt^ ^ 


o 


559 




o 


560 


aaaaaadaaadaaaaaaaaa 


o 




cccccaaaaaaaaaaccccc 


o 


562 


aaaaaccccccccccaaaaa 


o 




tttgaa ttcaggactggtgaggttgag 


o 


564 


tttgaatcctcagcggtctccagtggc 


o 


565 


aattctcta^cggggcttctgtgtctgttgctggttccgctttat 


o 


566 


ctagataaagcggaaccagcaacagacacagaagccccgatagag 


o 


567 


ttttctagagaggtgcacaat gctct gg 


o 


568 


tttgaattccgtgtacagaagcgacjaagc » 
tttgcggccgctagacttaa^ctgagagata 


o 


^ 


o 




tttgggcccacgagagacagagacacttc 


o 


571 


tttgggcccgcttctcgcttctgtacacg 


o 


572 


gagaac gctggaccttccat 


s 


57 3 


tccatgtcggt cctgatgct 


s 




ctgtcg 


s 


575 


t cgt ga 


s 




cgtcga 


s 


577 


agtgct 


s 


578 


ctgtcg 


o 


579 


agtgct 


o 




cgtcga 


o 


581 


tcgt ga 


o 


582 


gagaac gctccagcttcgat 


o 


583 


gctagacgtaagcgtga 


o 


584 


gaga acgctcgaccttc cat 


o 


585 


gagaacgctggacct at ccat 


o 


536 


gctaga gg ttagcgt ga 


o 


587 




o 


588 


tcacgctaacgtctagc 


o 


589 


ogoxag acg~uagcgtga 


o 


590 


atggaaggtcgagcgttctc 


° 


591 




° 


592 


gagaacgatggacct tec a t 


° 


593 


gagaac gc t ggatcc at 




594 


gagaaege tccagcactga t 




595 


tcca tg tcggtcctgctgat 


° 


596 


a tgtcc teggtcctgat gc t 


° 


597 


gagaac gctccaccttccat 




598 


gagaacgctggacct tcgt a 


° 


599 


batgcaaggtccagcottctc 


° 


600 


tcctga 




601 


teaaegtt 


o 


602 


aacgtt 


o 


603 


aacgttga 


o 


604 


tcacgctaacctctagc 


o 


605 


gagaacgctggaccttgcat 


o 


606 


gctggaccttccat 


o 


607 


gagaacgctggacetcatccafc 


o 


608 


gagaacgctggacgctcatccat 


o 


609 


aacgtt gaggggcat 


o 


610 


atgcccctcaacgtt 


o 


611 


tcaacgttga 


o 


612 


gctggaccttccat 


3 


613 


caaegtt 


o 


614 


acaacgttga 


o 


615 


teaegt 


o 


616 


tcaagctt 


o 


617 


tegtea 


□ 


618 


aggatatc 


o 
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2 ID HO 


: ODN SEQOEKCE 


BACKBONE 


619 


tagacgt c 


o 


§20 


gacgteat ^ 
cca^ffgat 


° 


621 


a 


622 


atcgatg t 


o 


623 


atgc at gt 


o 


624 




o 




agcgct ga 


o 


626 


^ ^^^^^ * ■ 

tcagcoit 


o 


627 


cctt cgat 


o 


628 


gtgccggggtctccgggc 


o 


629 


gctgtggggcggctcctg 


s 


630 


btcaacgtt 


o 


631 


f tcaacgtt 


o 


632 


f aacgt tga 


o 


633 


tcaacgt 


s 


634 


aacgttg 


s 


635 


cgacga 


o 


636 


tcaacgtt 


o 


637 


tcgga 


o 


638 


agaacgtt 


o 


539 


teat eg at 


o 


640 


taaacgtt 


s 


64 1 


ecaaegtt 


s 


642 


gctcga 


s 


643 


egaegt 


s 


64 4 


cgtcgt 


s 


645 


aegt gt 


s 


64 6 


cgttcg 


s 


647 


gage aa gctggaccttc cat 


5 


648 


cgcgta 


s 


649 


cgtacg 


s 


6S0 


teaceggt 


s 


65 1 


caagagatget aacaatgea 


s 


652 


acccatcaatagctctgtgc 


s 


653 


ccatcgat 


o 


654 


tegaegtc 


° 


655 


etageget 


o 




taageget 


o 


657 


tcgcgaattcgcg 


o 


658 


at ggaagg tec agegtt ct 


o 


659 


actggacgttagcgtga 


o 




cgcctggggct ggtc t gg 


o 


661 


gtgtcggggtctccgggc 


o 


662 


gt gecg gggt c t c eg ggc 


° 


663 


egce gt egegg eggt t g g 


O 


664 


gaagttcacgttgaggggcat 


o 


665 


atctggtgagggcaagctatg 


s 


666 




s 


667 


geaaegtt 


° 


668 


g taacgtt 


° 


669 


egaaegtt 




670 


gaaacg tt 


° 


67 1 


caaaca tt 


° 


672 


ctaacQtt a 


° 


673 


ggaatfatt 


° 


674 


tgaacgtt 




675 


acaaegtt 


o 


676 


ttaacgtt 


o 


677 


aaaacgtt 


o 


678 


ataaegtt 


o 


679 


aacgttct 


a 


680 


tccgatcg 


o 


681 


teegtacg 


o 


682 


gctagacgctaopgtga 

gagaacg/^agfcctcatcatccat 

gagaacgirtSgaccttctat 


o 


683 


a 


684 


o 


685 


actagacgttagtgtga 


o 


686 


cacaccttggteaatgtcacgt 


o 


687 


tctccatcc^tggttttatcg 
egctgga^ettccat 


o 


688 


o 


689 


caccaccttggtcaatgtcacgt 


a 


690 


gctagacgttagctgga 


o 


691 


agtgcgattgcagatcg 


o 


692 


ttttcgttttgtggttttgtggtt 
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TABLE 1-continued 



SEQ ID HO: ODD SEQUENCE BACKB011E 



693 


ttttcgtttgtcgttttgtcgtt 




694 


tttttgttttgtggttttgtggtt 




695 


accgcatggatfcctaggcca 


s 


596 


gctagacgttagcgt 


o 


697 


aacgctggaccttccat 


o 


698 


tcaazgtt 


o 


699 


ccttcgat 


o 


700 


actagacgttagtgtga 


s 


701 


gctagaggttagcgtga 


s 


702 


atggactctccagcgttctc 


o 


703 


atcgactctcgagcgttctc 


o 


704 


gctagacgttagc 


o 


705 


gctagacgt 


o 


706 


agtgcgattcgagatcg 


o 


707 


tcagzgct 


o 


708 


ctgattgctctctcgtga 


o 


709 


tzaacgtt 


o 


710 


gagaazgctggaccttccat 


o 


711 


gctagacgttaggctga 


o 


712 


gctacttagcgtga 


o 


713 


gctaccttagcgtga 


o 


714 


atcgacttcgagcgttctc 


o 


715 


atgcactctgcagcgttctc 


o 


7X6 


agtgactctccagcgttctc 


o 


717 


gccagatgttagctgga 


o 


718 


atcgactcgagcgttctc 


o 


719 


atcgatcgagcgttctc 


o 


720 


bgagaacgctcgaccttcgat 


o 


721 


gctagacgttagctgga 


SOS 


722 


atcgactctcgagcgttctc 


SOS 


723 


tagacgttagcgtga 


o 


724 


cgactctcgagcgttctc 


o 


725 


ggggtcgaccttggagggggg 


SOS 


726 


gctaacgttagcgtga 


o 


727 


cg-tcgtcgt 


o 


728 


gagaargctggaczttccat 


o 


729 


atcgacctacgtgcgttztc 


o 


730 


atzgacctacgtgcgttctc 


o 


731 


gctagazgttagcgt 


o 


732 


atcgact.ctcgagzgt.tctc 


o 


733 


ggggtaatgcatcagggggg 


SOS 


734 


ggctgtattcctgactgccc 


s 


735 


ccatgctaacctctagc 


o 


736 


gctagatgttagcgtga 


o 


737 


cgtaccttacggtga 


o 


738 


tccatgctggtcctgatgct 


o 


739 


atcgactctctcgagcgttctc 


o 


740 


gctagagcttagcgtga 


o 


741 


atcgactctcgagtgttctc 


o 


742 


aacgctcgaccttcgat 


o 


743 


ctcaacgctggaccttccat 


o 


744 


atcgacctacgtgcgttctc 


o 


745 


gagaatgctggaccttccat 


o 


746 


tcacgctaacctctgac 


o 


747 


bgagaacg etc cage act gat 


o 


748 


bgagcaagctggaccttccat 


o 


749 


cgctagaggttagcgtga 


o 


750 


gctagatgttaacgt 


o 


751 


atggaaggtccacgttctc 


o 


752 


gctagatgttagcgt 


o 


753 
754 


gctagacgttagtqt^ 
tccatgacggtc£tgatgct 


o 
o 


755 


tccatggcggtcctgatgct 


o 


756 


getagacgatagegt 


o 


757 


gctagtcgatagegt 


£> 


758 


tccatgacgttcctgatgct 


o 


759 


tccatgtcgttcctgatget 


o 


760 


gctagacgttagzgt 


D 


761 


gctaggcgttagcgt 


O 


762 


tccatgtsggtcctgatgct 


o 


763 


tccatgtcggtzctgatgct 


o 


764 


atzgactctzgagzgttctc 


O 


765 


atggaaggtccagtgttctc 


o 


766 


geatgaegttgaget 


o 
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TABLE 1 -continued 



IQ ID NO 


: ODN SEQUENCE 


BACKBONE 


767 


ggggtcaacgttgagggggg 


5 


768 


ggggtcaagtctgagggggg 


SOS 


769 


cgcgcgcgcgcgcgcgcgcg 


o 


770 


cccccccccccccccccccccccccccc 


s 


771 


cccc^ccccccccccccccccccccccccccccc 
tc^Tfrfcgtcgctcctgatcct 


s 


772 


o 


773 


gctaaacgttagcgt 


o 


77 4 


tccatgtcgat cctgat get 


o 


775 


tccatgccggt cctgat get 


o 




aaaatcaacgttgaaaaaaa 


SOS 


777 


tecataaegtt cctgat get 


o 


778 


tggaggtcccaccgagatcggag 


o 


^ 9 


egtcgtcgtcgtcgtcgtcgt 


3 


780 


ctgctgctgctgctgctgctg 


3 


781 


gagaacgctccgaccttcgat 


3 


782 


gctagatgttagcgt 


S 


783 


gcatg&cgttgagct 


5 


784 


tcaatgctgaE 


o 


785 


tcaacgttgaf 


o 


786 


teaaegttgab 


o 


787 


geaatattgeb 


o 


788 


gcaatattgcE 


o 


789 


agttgcaact 


o 


790 


tcttcgaa 


o 


791 


teaaegtc 


o 


792 


ccatgtcggtcctgatgct 


3 


793 


gtttttatataatttggg 


o 


794 


tttttgtttgjtcgttttgtcgtt 


o 


795 


ttgggggg^ftt W 


s 


796 


ggggttgggggtt ^ 


s 




ggtggtgtaggttttgg £ 
bgagaa2gctcgacctt^gat 


o 


798 


o 


799 


teaaegtt aacgttaacgtt 


D 




bgagcaagztggaccttccat 


D 


301 


bgagaazgctccragcactgat 


O 


80'* 


tcaa zg ttgax 






gzaatattgcx 


D 


304 


tgctgcttttgtcgttttgtgctt 


O 


305 


ctgcgttagcaatttaactgtg 


o 


306 


tcca t g ac gtt cc t g at gc t 


s 


307 


tgcatgccgtgcatccgtacacagctct 


5 


308 


tgcatgccgtacacagc tct 


s 


309 


tgcatcagctct 


s 


310 


tgegctet 


s 


Bl 1 


cccccccccccccccccccc 


s 


812 


cccccccccccc 


s 


313 




s 


814 


tgcatcagctct 


SOS 


315 


tgea tg cc gt acacagc t c t 


o 


316 


gagcaagc tggacct tccat 


3 


317 




3 


318 


gaga acgctcgaccrt tc gat 


S 


319 


gtccccatttcccagaegaggaaat 


° 


820 


ctagcggctgacgtcatcaagctag 


° 


321 


ctagcttgatgacgtcagccgctag 


° 


322 


cggctgacgtcatcaa 




323 


ctgacgtg 


O 


- 324 


ctgaegtcat 


o 


325 


attcgatcggggcggggcgag 


o 


826 


ctcgccccgccccgatcgaat 


o 


327 


gactgacgtcagcgt 


o 


328 


ctagcggctgacgtcataaagctagc 


s 


329 


ctagctttatgacgtcagccgctagc 


s 


330 


ctagcggctgagctcataaagctagc 


s 


331 


ctagtggctgacgtcatcaagctag 


s 


332 


tccaccacgtggtctatgct 


s 


333 


gggaatgaaagattttattataag 


-o 


334 


tctaaaaaccatctattcttaaccct 


o 


335 


agctcaacgtcatgc 


o 


336 


ttaacggtggtagcggtattggtc 


o 


337 


ttaagaccaataccgctaccaccg 


D 


338 


gate tagt gat gagtcagccggatc 


o 


339 


gatccggctgactcatcactagatc 


o 


340 


tccaagacgttcctgatgct 


■o 
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TABLE 1- continued 



SEQ ID NO: ODN SEQUENCE BACKBONE 



34 1 


tccatgacg*fcccctgatgct 


o 


342 


tccaccacgt-ggctgatgct 


o 


343 


ccacgtggacctctagc 


o 


344 


tcagaccacgtggtcgggtgtfccctga 


o 


345 


tcaggaacacccgaccacgtggtctgjf 


o 


346 


ca-tttccac.gatttccca 


o 


347 


ttcctct/tgcaagagact 


o 


34S 


tgtatctctctgaaggact 


o 


349 


ataaagcgaaactagcogcagtttc 


o 


350 


gaaactgctgctagtttcgctttat 


o 


851 


tgcccaaagaggnoaa-tttgtttcatacag 


o 


852 


ctgtatgaaacaanttttcct£§fctgggca 


o 


853 


fctagggttagggttagggtt 


as 


354 


tccatgagcttcctgatgct 


ss 


355 


aaaacatqacgttcaaaaaa 


ss 


356 


aaaacatgacgttcgggggg 


ss 


357 


ggggcatgagcttcgggggg 


SOS 


358 


ctaggctgacgtcatcaagctagt 


o 


85 9 


tetgacgtcatctgacgttggctgacgtct 


o 


360 


ggaattagtaatagatatagaagtt 


o 


361 


tttaccttttataaacataactaaaacaaa 


o 


362 


gcgtttttttttgcg 


5 


863 


atatctaatcaaaacattaacaaa 


o 


364 


tctatcccaggtggttcctgttag 


o 


365 


btccatgacgttccrtgatgct 


o 


366 


btccatgagcttccrtgatgct 


o 


367 


tttttttttttttf 


o 


368 


tttttttttttttf 


so 


369 


ctagcttgatgagctcagccgctag 


o 


370 


ttcag-ttgtcttgctgcttagctaa 


o 


37 1 


tlcatgagcttcctgagtct 


s 


372 


ctagcggctgacgtcatcaatctag 


o 


373 


tgctagctgtgcctgtacct 


s 


374 


atgctaaaggacgtcacattgca 


o 


375 


tgcaatgtgacgtcct-ttagcat 


o 


376 


gtaggggactttccgagctcgagatcctatg 


o 


377 


cataggatctcgagctcggaaagtcccctac 


o 


378 


ctgtcaggaactgcaggtaagg 


o 


379 


cataacataggaatatttactcctcgc 


o 


380 


ctccagcbccaagaaaggacg 


o 


38 1 


gaag*t"ttctggtaagtct"tcg 


o 




fcgctgcttt-tgtgcrt-t't'tgtgctfc 


s 




tcg'tcgt'tt'tgtgg'fc'tt'tgtggtt 


s 




tcgxcgtttgtcgtnt:T.gtcgtt 


3 


885 


tcctgacgt'tcggcgcgcgccc 


s 


886 


tgcxgc^T**gtgctTmtg^.gctt 




387 


tccatgagcttcctgagctt 


s 


388 


ccg teg tt tcgtcgx tttgac^tt 


s 


389 


tcgtcgtttgcgtgcgtttcgtcgtt 


S 


390 


tcgcgt gcgttttgtcgtt ttgacgtt 


s 


391 


ttcgtcgttttgtcgttttgtcgtt. 


S 


392 


tcctgacggggaagt 


s 


393 


tcctggcgtggaagt: 


s 


394 


fccctggcggtgaagt 


s 


395 


tcctggcgttgaagt 




396 


tcctgacgtggaagt 
gagacgttcggcgcgcgccc 


s 


397 


5 


398 


gcgacgggcggcgcgcgccc 


s 


399 


gcggcgtgcggcgcgcgccc 


s 


900 


gcggcggtcggcgcgcgccc 


s 


901 


gcgacggtcggcgcgcgccc 


s 


902 


gcggcgttcggcgcgcgccc 


s 


903 


gcgacgtgcggcgcgcgccc 


s 


904 


tcgtcgctgtctccg 


s 


905 


tgtgggggttttggttttgg 


s 


906 


aggggaggggaggggagggg 


s 


907 


tgtgtgtgtgtgtgtgtgtgt 


s 


908 


etctetctctcttrtctctctct 


chimeric 


909 


ggggtcgacgtcgagggggg 


s 


910 


atatatatatatatatatatat 


s 


911 


ttttttttttttttttttttttttttt s 




912 


ttttttttttttttttttttt 


s 


913 


tttttttttttttttttt s 




914 


gctagaggggagggt 
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915 gctagatgttagggg 

916 gcatgagggggagtrt 

917 atggaaggtccagggggctc 

918 atggactctggagggggctc 

919 atggaaggtccaaggggctc 

920 gagaaggggggaccttggat 

921 gagaaggggggaccttccat 

922 gagaaggggccagcactgat 

923 tccatgtggggcctgatgct 

924 tccatgaggggcctgatgct 

925 tccatgtggggcctgctgat 

926 atggactctccggggttctc 

927 ntggaaggtccggggttctc 

928 atggactctggaggggtctc 

929 atggaggctccatggggctc 

930 atggactctgqggggttctc 

931 tccatgtgggtggggatgct 

932 tccatgcgggtggggatgct 

933 tccatgggggtcctgatgct 

934 tccatggggtccctgatgct 

935 tccatggggrgcctgatgct 

936 tccatggggttcctgatgct 

937 tccatcgggggcctgatgct 

938 gctagagggagtgt 

939 tttttttttttttttttt s 

940 gmggtcaacgttgagggmggg s 

94 1 ggggagttcgttgaggggggg s 
94 2 tcgtcgttttcccccccccc s 

943 ttggqgggtrttttttttttttttt s 

944 tttaaattttaaaatttaaaata s 

945 ttggtttttttggtttttttttgg s 

946 tttcccttttccccttttcccctc s 

94 7 ggggtcatcgatgagggggg s sos 

948 tccatgacgttcctgacgtt 

949 tccatgacgttcctgacgtt 

950 tccatgacgttcctgacgtt 

951 tccatgacgttcctgacgtt 

952 tccatgacgttcctgacgtt 

95 3 tccatgacgttcctgacgtt 

954 tccatgacgttcctgacgtt 

955 tccatgacgttcctgacgtt 
95 6 tccatgacgttcctgacgtt 

957 tccatgacgttcctgacgtt 

958 tccatgacgttcctgacgtt 

959 gggggacgatcgtcggggg sos 

960 gggggtcgtacgacgggggg sos 

961 tttttttttttttttttttttttt 

962 aaaaaaaaaaaaaaaaaaaaaaaa 

963 CCCCCCCCCCCCCCCCCCCCCCCC 

964 tcgtcgttttgtcgttttgtcgtt 

965 tcgtcgttttgtcgttttgtcgtt 

966 tcgtcgttttgtcgttttgtcgtt 

967 tcgtcgttttgtcgttttgtcgtt 

968 ggggtcaacgttgagggggg 

969 ggggtcaacgttgagggggg 

970 ggggtcaagcttgagggggg 

971 tgctgcttcccccccccccc 

972 ggggacgtcgacgtgggggg sos 

973 ggggtcgtcgacgagggggg sos 

974 ggggtcgacgtacgtcgagggggg sos 

975 ggggaccggtaccggtgggggg sos 

976 gggtcgacgtc gaqqgg qg sos 

977 ggggtcgacgt^gaggggg""*^ sos 

978 ggggaacgttaacgttgggggg sos 

979 ggggtcaccggtgagggggg sos 

980 ggggtcgttcgaacgagggggg sos 

981 ggggacgttcgaacgtgggggg sos 

982 tcaactttga s 

983 tcaagcttga s 

984 tcacgatcgtga s 

985 tcagcatgctga s 

986 gggggagcatgctggggggg sos 

987 gggggggggggggggggggg sos 

988 gggggacgatatcgtcgggggg sos 



po 
po 
po 
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EEQ ID NO: ODN SEQUENCE BACKBONE 



989 


99999^^9 acgfccgt cgggggg 


SOS 


990 


gggggacgagctcgt cgggggg 


50S 




gggggacgtacgt cgggggg 


SOS 


9 92 


tcaacgtt 




993 


tccataccggtcctgatgct 






tccataccggt cctaccggt 


s 


9 95 


gggggacgatcgttgggggg 


SOS 


996 


ggggaacgatcgtcgggggg 


SOS 


997 


ggg ggg acg ate gtc ggg ggg 


SOS 


998 


ggg gga cga teg teg ggg ggg 


SOS 


999 


aaa gac gtt aaa 


po 


1000 


aaagagcttaaa 


po 


1001 
1002 


aaagazgttaaa 
aaattj/Qy iniila"" ^ 


po 
po 


1003 


gggggtcatcgatgagggggg 


sos 


1004 


gggggtcaacgttgagggggg 


S05 


1 005 


atgtagcttaataacaaagc 


po 


1006 


ggatcccttgagttacttct 


po 


1007 


ccattccacttctgattacc 


po 


1008 


tatgtattatcatgtagata 


po 


1009 


agcctacgrattcaccctcc 


po 


1010 


ttcctgcaactactattgta 


po 


1011 


atagaaggccctacaccagt 


po 


1012 


ttacaccggtctatggaggt 


po 


1013 


ctaaccagatcaagtctagg 


PO 


1014 


cctagacttgatctggttag 


po 


1015 


tataagcctcgtccgacatg 


po 


1016 


catgtcggacgaggcttata 


po 


1017 


tggtggtggggagtaagctc 


po 


1018 


gagctactcccccaccacca 


po 


1019 


gccttcgatcttcgttggga 


po 


1020 


tggacttctctttgccgtct 


po 


1021 


atgctgtagcccagcgataa 


po 


1 022 


accgaatcagcggaaagtga 


po 


1023 


tccatgacgttcctgacgtt 




1024 


ggagaaacccatgagctcatctgg 




1025 


accacagaccagcaggcaga 




1026 


gagcgtgaactgcgcgaaga 




1027 


tcggtacccttgcagcggtt 






ctggagccctagecaaggat 




i n9Q 


gcgactccatcaccagcga'c 




inin 


cctgaagtaagaaccagatgt 




1031 


ctgtgttatctgacatacacc 




1 032 


aatt agccttaggtgattggg 




1033 


acatct ggttcttactt cagg 






ataagt catattttgggaact ac 




1035 


cecaatcacctaaggct aatt 




1036 


ggggtcgtcgacgagggggg 


SD5 


1037 


gggg tcgttcgaacgagggggg 


SOS 


1038 


ggggacgttcgaacg tgggggg 


SOS 


1039 


tcct gg cgcjgg aagt 


s 


1040 


ggggaacgacgtcgttgggggg 


SOS 


1041 


ggggaacgtacgtcggoggg 


SOS 


1042 


ggggaacg tacgtacgt tgggggg 


SOS 


1043 






1044 


ggggtcgacgtacgtcgagggggg 


SOS 


1045 


ggggaccggtaccggtgggggg 


SOS 


1046 


gggtcgacgtcgagggggg 


SOS 


1047 


ggggtcgacgtcgagggg 


SOS 


1048 


ggggaacgttaacgttgggggg 


SOS 


1049 


ggggacgtcgacgtggggg 


SOS 


1050 


gcactcttcgaagctacagccggcagcctctgat 




1051 


cggctcttccatgaggtctttgctaatcttgg 




1052 


cggctcttccatgaaagtctttggacgatgtgagc 




1053 


tcctgcaggttaagt 


s 


1054 


gggggtcgttcgttgggggg 


SOS 


1055 


gggggatgattgttgggggg 


SOS 


1056 


gggggazgatzgttgggggg 


SOS 


1057 


gggggagctag-ttgggggg 


SOS 


1058 


ggttcttttggtccttgtct 


s 


1059 


ggttcttttggtcctcgtct 


s 


1060 


ggttcttttggtccttatct 


s 


1061 


ggttcttggtttccrttgtct 


s 


1062 


tggtcttttggtccttgtct 


3 
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oty x.u nu x 


UUN oCyULnLb 


BACKBONE 


1063 


ggttcaaatgj^ccttgtct 
gggtcttttgggcct'fcgtc'fc 




1064 




1065 


^-GGaggac^^cto'tc&gg^^'^^^^ 


S 


1066 


tccaaaacttctctcaaat t 


S 


1067 


tactacttttatactt-ttatactt 


S 


1068 


4- rt-f- "t - ct" a ^ ef +■ afra+a , ¥ er+ er^ cr^r* Irf 


S 


1069 


4- f- erU- n + + a+-Jia¥ +■ +■ at- +- a +• +■ 


S 


1070 


ggct ccggggagggoat tt tt gfcctat 


S 


1071 




SOS 


1072 


ggg't cg't c gac g^ggggggg 


SOS 


1073 


gg^fcc gt eg acgaggggggg 


SOS 


1074 


gggxcgx-cgTicgiiggggggg 




1075 


ggggacgatcgtcggggggg 


SOS 


1076 


ggggacgtcgtcgtgggggg 


SOS 


1077 


ggggtcgacgtcgacgtcgaggggggg 


SOS 


1078 


ggggaaccgcggttggggggg 


SOS 


1079 


ggggacgacgtcgtggggggg 


SOS 


1080 


tcgtcgtcgtcgtcgtggggggg 


SOS 


1081 


tcctgccggggaagt 


s 


1082 


tectgeaggggaagt 


s 


1083 


tcctgaaggggaagt 


s 


1084 


tcctggcgggcaagt 


s 


1085 


tcctggcgggtaagt 


s 


1086 


tcctggcgggaaagt 


s 


1087 


teegggeggggaagt 


s 


1088 


teggggeggggaag-t 


s 


1089 


tcccggcggggaag-t 


s 


1090 


gggggacgttggggg 


s 


1091 


ggggttttttttttgggggg 


SOS 


1092 


ggggccccccccccgggggg 


SOS 


1093 


ggggttgttgttgttgggggg 


SOS 



[0053] In some embodiments, the immunostimulatory 
nucleic acid is a CpG nucleic acid. CpG sequences, while 
relatively rare in human DNA are commonly found in the 
UNA of infectious organisms such as bacteria. ITie human 
immune system has apparently evolved to recognize CpG 
sequences as an early warning sign of infection and to 
initiate an immediate and powerful immune response against 
invading pathogens without causing adverse reactions fre- 
quently seen with other immune stimulatory agents. Thus 
CpG containing nucleic acids, relying on this innate immune 
defense mechanism can utilize a unique and natural pathway 
for immune therapy. The effects of CpG nucleic acids on 
immune modulation have been described extensively in 
published patent applications, such as PCT US95/01570). 
PCT/US97/19791, PCI7US98/03678; PCT/US98/10408; 
PCT/US98/04703; PCT/US99/07335: and PCT/US99/ 
09863. The entire contents of each of these patent applica- 
tioas is hereby incorporated by reference. 

[0054] A CpG nucleic acid is a nucleic acid which 
includes at least one unmethylated CpG dinucleotide. A 
nucleic acid containing al least one unmethylated CpG 
dinucleotide is a nucleic acid molecule which contains an 
unmethylated cytosine in a cytosine-guanine dinucleotide 
sequence (i.e. "CpG DNA" or DNA containing a 5* cytosine 
followed by 3' guanosine and linked by a phosphate bond) 
and activates the immune system. The CpG nucleic acids 
can be double -stranded or single -stranded. Generally, 
double-stranded molecules are more stable in vivo, while 
single-stranded molecules have increased immune activity. 
Thus in some aspects of Ihc invention it is preferred that the 
nucleic acid be single stranded and in other aspects it is 
preferred that the nucleic acid be double stranded. The terms 



CpG nucleic acid or CpG oligonucleotide as used herein 
refer to an immunostimulatory CpG nucleic acid or a nucleic 
acid unless otherwise indicated. The entire immunostimu- 
latory nucleic acid can be unmethylated or portions may be 
unmethylated but at least the C of the 5' CG 3' must be 
unmethylated. 

[0055] In one preferred embodiment the invention pro- 
vides an immunostimulatory nucleic acid which is a CpG 
nucleic acid represented by at least the formula: 

[0056] wherein X a , X>,X 3 , and X4 are nucleotides. In one 
embodiment X 2 is adenine, guanine, cytosine, or thymine. In 
another embodiment X 3 is cytosine. guanine, adenine, or 
thymine. In other embodiments X^ is adenine, guanine, or 
thymine and X 3 is cytosine, adenine, or thymine. 

[0057] In another embodiment the immunostimulatory 
nucleic acid is an isolated CpG nucleic acid represented by 
at least the formula: 

[0058] wherein X a , X^X^ and X4 are nucleotides and N 
is any nucleotide and N 3 and N 2 are nucleic acid sequences 
composed of from about 0-25 N's each. In one embodiment 
X d X 2 are nucleotides selected from the group consisting of: 
GpT, CpG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, 
TpT, and TpG; and X 3 X 4 are nucleotides selected from the 
group consisting of: TpT, ApT, TpG, ApG, CpG, TpC, ApC, 
CpC, TpA, ApA, and CpA. Preferably X^ are GpA or GpT 
and X 3 X 4 are TpT In other embodiments X a ur X. or both 
are purines and X 3 or X 4 or both are pyrimidines or are 
GpA and X 3 or X 4 or both are pyrimidines. In another 
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no! exclusively associated with atopic or allergic symptoms. 
An "initiator" as used herein refers to a composition or 
environmental condition which triggers asthma. Initiators 
include, but are not limited to, allergens, cold temperatures, 
exercise, viral infections, S0 2 . 

[0103] In another aspect the invention provides methods 
for treating or preventing asthma or allergy in a hypo- 
responsive subject. As used herein, a hypo- responsive sub- 
ject is one who has previously failed to respond to a 
treatmenl directed at treating or preventing asthma or allergy 
or one who is at risk of not responding to such a treatment. 
The treatment directed at treating or preventing asthma or 
allergy may be an asthma/allergy medicament, in which case 
the hypo-responsive subject is one who is hypo -responsive 
to an asthma/allergy medicament. 

[0104] Other subjects who are hypo-rcsponsivc include 
those who are refractory to an asthma/allergy medicament. 
As used herein, the term "refractory" means resistant or 
failure to yield to treatment. Such subjects may be those who 
never responded to an asthma/allergy medicament (i.e., 
subjects who are non-responders), or alternatively, they may 
be those who at one Lime responded to an asthma/allergy 
medicament, but have since that time have become refrac- 
tory to the medicament. In some embodiments, the subject 
is one who is refractory to a subset of medicaments. A subset 
of medicaments is at least one medicament. In some embodi- 
ments, a subset refers to 2, 3, 4, 5, 6, 7, 8, 9, or 10 
medicaments. 

[0105] In other embodiments, hypo -responsive subjects 
are elderly subjects, regardless of whether they have or have 
not previously responded to a treatment directed at treating 
or preventing asthma or allergy. Elderly subjects, even those 
who have previously responded to such treatment, are con- 
sidered to be at risk of not responding to a future adminis- 
tration of this treatment. Similarly, neonatal subjects are also 
considered to be at risk of not responding to treatment 
directed at treating or preventing asthma or allergy. 

[0106] In some embodiments, an immunostimulatory 
nucleic acid is administered to the hypo-responsive subject 
without the further administration of an asthma/allergy 
medicament. In yet other embodiments, an asthma/allergy 
medicament is administered to the hypo-rcsponsivc subject, 
in which case it may be administered substantially simulta- 
neously (i.e., concurrently) with, or following the adminis- 
tration of the immunostimulatory nucleic acid. 

[0107] An "asthma/allergy medicament" as used herein is 
a composition of matter which reduces the symptoms, 
inhibits the asthmatic or allergic reaction, or prevents the 
development of an allergic or asthmatic reaction. Various 
types of medicaments for the treatmenl of asthma and 
allergy are described in the Guidelines For The Diagnosis 
and Management of Asthma, Expert Panel Report 2, NIH 
Publication No. 97/4051 , Jul. 19, 1997, the entire contents of 
which arc incorporated herein by reference. The summary of 
the medicaments as described in the NIH publication is 
presented below. 

[0108] In most embodiments the asthma/allergy medica- 
ment is useful to some degree for treating both asthma and 
allergy. Some asthma/allergy medicaments arc preferably 
used in combination with the immunosiimulatory nucleic 
acids to treat asthma. These are referred to as asthma 



medicaments. Asthma medicaments include, but arc not 
limited, PDE-4 inhibitors, bronchodilator/beta-2 agonists, 
K* channel openers, VLA-4 antagonists, ncurokin antago- 
nists, TXA2 synthesis inhibitors, xanthanines. arachidonic 
acid antagonists, 5 lipoxygenase inhibitors, thromboxin A2 
receptor antagonists, thromboxane A2 antagonists, inhibitor 
of 5-lipox activation proteins, and protease inhibitors. 

[0109] Bronchodilator/beta-2 agonists are a class of com- 
pounds which cause bronchodilation or smooth muscle 
relaxation. Bronchodilator/beta-2 agonists include, but are 
not limited to, salmeterol, salbulamol, albuterol, terbutaline, 
D2522/formotcrol, fcnotcrol, bitoltcrol, pirbu cr o l mcthylx - 
anthines and orciprenaline. Long-acting -f^gomsts anCT^g 
hronehodilators are compounds which are used for long- 
term prevention of symptoms in addition to the anti-inflam- 
matory therapies. They function by causing bronchodilation, 
or smooth muscle relaxation, following adenylate cyclase 
activation and increase in cyclic AMP producing functional 
antagonism of bronchoconstriction. These compounds also 
inhibit mast cell mediator release, decrease vascular perme- 
ability and increase mucociliary clearance. Long-act ing=f*2* f>2» 
agonists include, but are not limited to, salmeterol and 
albuterol. These compounds are usually used in combination 
with corticosteroids and generally arc not used without any 
inflammatory therapy. They have been associated with side 
effects such as tachycardia, skeletal muscle tremor, 
hypokalemia, and prolongation of Q Tc interval in overdose. 

[0110] Mcthylxant nines, including for instance theophyl- 
line, have been used for long-term control and prevention of 
symptoms. These compounds cause bronchodilation result- 
ing from phosphodiesterase inhibition and likely adenosine 
antagonism. It is also believed that these compounds may 
effect eosinophilic infiltration into bronchial mucosa and 
decrease T-lymphocyte numbers in the epithelium. Dose- 
related acute toxicities are a particular problem with these 
types of compounds. As a result, routine serum concentra- 
tion must be monitored in order to account for the toxicity 
and narrow therapeutic range arising from individual differ- 
ences in metabolic clearance. Side effects include tachycar- 
dia, nausea and vomiting, tachyarrhythmias, central nervous 
system stimulation, headache, seizures, hematcmcsis, hyper- 
glycemia and hypokalemia. Short-acting p 2 agonists/bron- 
chodilators relax airway smooth muscle, causing the 
increase in air flow. These types of compounds are a 
preferred drug for the treatment of acute asthmatic systems. 
Previously, short-acting p 2 agonists had been prescribed on 
a regularly-scheduled basis in order to improve overall 
asthma symptoms. Later reports, however, suggested that 
regular use of this class of drugs produced significant 
diminution in asthma control and pulmonary function 
(Sears, el al. Lancet; 336:1391-6, 1990). Other si u dies 
showed that regular use of some types of P 2 agonists 
produced no harmful effects over a four-month period but 
also produced no demonstrable effects (Drazcn, ct al., N. 
Eng. J. Med.; 335:841-7, 1996). As a result of these studies, 
the daily use of short-acting P 2 agonists is not generally 
recommended. Short-acting p 2 agonists include, but are not 
limited to, albuterol, bitolterol, pirbuterol, and terbutaline. 
Some of the adverse effects associated with the mastration of 
short-acting (5 2 agonists include tachycardia, skeletal muscle 
tremor, hypokalemia, increased lactic acid, headache, and 
hyperglycemia. 
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agents such as adjuvants to enhance immune responses even 
further. The immunostimulaiory nucleic acid, asthma/al- 
lergy medicament and other therapeutic agent may be 
administered simultaneously or sequentially. When the other 
therapeutic agents are administered simultaneously they can 
be administered in the same or separate formulations, but are 
administered at the same time. The other therapeutic agents 
are administered sequentially with one another and with the 
mimunostimulatory nucleic acid and asthma/allergy medi- 
cament, when the administration of the other therapeutic 
agents and the immunoslimulalory nucleic acid and asthma/ 
allergy medicament is temporally separated. The separation 
in lime between the administration of these compounds may 
be a matter of minutes or it may be longer. Other therapeutic 
agents include but are not limited to non-nucleic acid 
adjuvants, cytokines, antibodies, antigens, etc. 

[0160] A "non-nucleic acid adjuvant" is any molecule or 
compound except for the imraunostimulatory nucleic acids 
described herein which can stimulate the humoral and/or 
cellular immune response. Non-nucleic acid adjuvants 
include, for instance, adjuvants that create a depo effect, 
immune stimulating adjuvants, adjuvants that create a depo 
effect and stimulate the immune system and mucosal adju- 
vants. 

[0161] An "adjuvant that creates a depo effect" as used 
herein is an adjuvant that causes an antigen or allergen to be 
slowly released in the body, thus prolonging the exposure of 
immune cells to the antigen or allergen. This class of 
adjuvants includes but is not limited to alum (e.g., aluminum 
hydroxide, aluminum phosphate); or emulsion-based formu- 
lations including mineral oil, non -mineral oil, wa(er-in-oil or 
oil-in-water-in oil emulsion, oU-in-water emulsions such as 
Seppic ISA series of MontaSide adjuvants (e.g., MontaSide 
ISA 720, AirLiquidc, Paris, France); MF-59 (a squalcnc-in- 
water emulsion stabilized with Span 85 and Tween SO; 
Chiron Corporation, Emeryville, Calif.; and PRO VAX (an 
oil-in-water emulsion containing a stabilizing detergent and 
a micelle-forming agent; IDEC, Pharmaceuticals Corpora- 
tion, San Diego, Calif.). 

[0162] An "immune stimulating adjuvant" is an adjuvant 
that causes activation of a celt of the immune system. It may, 
for instance, cause an immune cell to produce and secrete 
cytokines. This class of adjuvants includes but is not limited 
to saponins purified from the bark of the Q. sapoiiaria tree, 
such as QS21 (a glycolipid that elutes in the 21* peak with 
IIPLC fractionation; Aquila Biopharmaceuticals, Inc., 
Worcester, Mass.); poly[di(carboxylatophenoxy)phosp- 
hazene (PCPP polymer, Virus Research Institute, USA): 
derivatives of lipopolysaccharides such as monophosphoryl 
lipid A(MPL; Ribi ImmunoChem Research, Inc., Hamilton, 
Mont.), muramyl dipeptide (MDP; Ribi) andthreonyl-mu- 
ramyl dipeptide (l-MDP; Ribi); OM-174 (a glucosamine 
disaccharide related to lipid A; OM Pharraa SA, Meyrin, 
Switzerland); and T.eishmania elongation factor (a purified 
Leishmania protein; Corixa Corporation, Seattle, Wash.). 

[0163] *' Adjuvants that create a depo effect and stimulate 
the immune system" are those compounds which have both 
of the above-identified functions. This class of adjuvants 
includes but is not limited to ISCOMS (lmmunostimulating 
complexes which contain mixed saponins, lipids and form 
virus-sized particles with pores that can hold antigen; CSL. 
Melbourne, Australia); SB-AS2 (Smith Kline Reecham adju- 



vant system #2 which is an oil-in-water emulsion containing 
MPL and QS21: SmithKline Beecham Biologicals [SBB], 
Rixcnsart, Belgium); SC-AS4 (SmithKline Bcccham adju- 
vant system #4 which contains alum and MPL; SBB, Bel- 
gium); non-ionic block copolymers that form micelles such 
as CRL 1005 (these contain a linear chain of hydrophobic 
polyoxpropylene flanked by chains of polyoxyethylcne; 
Vaxcel, Inc., Norcross, Ga.); and Syntex Adjuvant Formu- 
lation (SAF, an oil-in-water emulsion containing Tween 80 
and a nonionic block copolymer; Syntex Chemicals, Inc., 
Boulder, Colo.). 

[0164] A ** non-nucleic acid mucosal adjuvant" as used 
herein is an adjuvant other than an immunostimulatory 
nucleic acid that is capable of inducing a mucosal immune 
response in a subject when administered to a mucosal 
surface in conjunction with an antigen or allergen. Mucosal 
adjuvants include but arc not limited to Bacterial toxins: e.g.. 
Cholera toxin (CT), CT derivatives including but not limited 
to CT B subunit (CTB) (Wu et al., 1998, Tochikubo et al., 
1998); CTD53 (Val to Asp) (Fontana et al., 1995): CTK97 
(Val to Lys) (Fontana et al., 1995); CTK104 (Tyr to Lys) 
(Fontana et al., 1995); LTD53/K63 ( Val to Asp, Ser to Lys) 
(Fontana et al., 1995); CTH54 (Arg to His) (Fontana et al., 

1995) ; CTN107 (His to Asn) (Fontana et al., 1995); CTH114 
(Ser to Glu) (Fontana el al., 1995); CTE112K (Glu to lys) 
(Yamamoto et al., 1997a); CTS61F (Ser to Phe) (Yamamoto 
et al., 1997a, 1997b); CTS106 (Pro to Lys) (Douce et al., 
1997, Fontana ct al M 1995); andCTK63 (Ser to Lys) (Douce 
et al., 1997, Fontana et al., 1995), Zonula occludens toxin, 
zot, Escherichia coli heat-labile cntcrotoxin, Labile Toxin 
(LT), LT derivatives including but not limited to LT B 
subunit (LTB) (Verweij et al., 1998); LT7K (Arg to Lys) 
(Komase et al., 1998, Douce et al., 1995); LT61F (Ser to 
Phe) (Komase et al., 1998); LT112K (Glu to Lys) (Komase 
et al., 1998); LT118E (Gly to Glu) (Komase et al., 1998); 
LT146E (Arg to Glu) (Komase et al., 1998); LT192G (Arg 
to Gly) (Komase et al., 1998); LTK63 (Ser to Lys) (Mar- 
chelli el al., 1998, Douce et al., 1997, 1 998, Di Tomrnaso et 
al., 1996); and LTR72 (Ala to Arg) (Giuliani et ah, 1998), 
Pertussis toxin, PT. (Lycke et al, 1992, Spangler BD, 1992, 
Frcytag and Clcmmcnts, 1999, Roberts ct al., 1995, Wilson 
et al., 1995) including PT-9K/129G (Roberts et al., 1995, 
Croplcy ct al., 1995); Toxin derivatives (sec below) 
(Holmgren et al, 1993, Verweij et al., 1998, Rappuoli et al., 
1995, Freytag and Clements, 1999); Lipid A derivatives 
(e.g., monophosphoryl lipid A, MPL) (Sasaki et al., 1998, 
Vancott et al., 1998; Muramyl Dipeptide (MDP) derivatives 
(Fukushima et ah, 1996, Ogawa et al., 1989, Michalek et al., 
1983, Morisaki et al., 1983); Bacterial outer membrane 
proteins (e.g., outer surface protein A ( OspA) lipoprotein of 
Borreliti burgdorferi, outer membrane pmline of Neisseria 
meningiudis)(Mzrimro et al., 1999. Van de Verg et al., 

1996) ; Oil-in-water emulsinns (e.g., MF59) (Barchfield el 
al., 1999, Verschoor et al., 1999, O'Hagan, 1998); Alumi- 
num salts (Isaka et al., 1998, 1999); and Saponins (e.g., 
QS21) Aquila Biopharmaceuticals, Inc., Worstcr, Mass.) 
(Sasaki et al, 1998, MacNeal et al., 1998), ISCOMS, MF-59 
(a squalcnc-in -water cmuLsion stabilized with Span 85 and 
Tween 80; Chiron Corporation, Emeryville, Calif.); the 
Seppic ISA series of MontaSide adjuvants (e.g., MontaSide 
ISA 720; AirLiquide, Paris, France); PROVAX (an oil-in- 
water emulsion containing a stabilizing detergent and a 
micell-forming agent; IDEC Pharmaceuticals Corporation, 
San Diego, Calif.); Syntex I Adjuvant Formulation (SAF; 
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Syntcx Chemicals, Inc., Boulder, Colo.); poly[di(carboxy- 
laiopheooxy)phosphazene (PCPP polymer, Virus Research 
Institute, USA) and Lcishmania elongation factor (Corixa 
Corporation, Seattle, Wash.). 

[0165] Immune responses can also he induced or aug- 
mented by the co- administration or co-linear expression of 
cytokines (Bueler & Mulligan, 1996; Chow et al., 1997; 
Geissler et aL, 1997; Iwasaki et al., 1997; Kim et al., 1997) 
or B-7 co-stimulatory molecules (Iwasaki et al., 1997; Tsuji 
ct al., 1997) with the iramunostimulatory nucleic acids and 
asthma/allergy medicaments. The cytokines can be admin- 
istered directly with imrnunostimulatory nucleic acids or 
may be administered in the form of a nucleic acid vector that 
encodes the cytokine, such that the cytokine can be 
expressed in vivo. In one embodiment, the cytokine is 
administered in the form of a plasniid cxprcssiun vector. The 
term ' cytokine" is used as a generic name for a diverse 
group of soluble proteins and peptides which act as humoral 
regulators at nano- to pico molar concentrations and which, 
either under norma] or pathological conditions, modulate the 
functional activities of individual cells and tissues. These 
proteins also mediate interactions between cells directly and 
regulate processes taking place in the extracellular environ- 
ment. Examples of cytokines include, but are not limited to 
IL-1. IL-2, IL-4, IL-5, IL-6, IL-7, IL-10, IL-12, 1L-15, IL-18 
granulocyte -macrophage colony stimulating factor (GM- 
CSF), granulocyte colony stimulating factor (GCSF), inter- 
feron^ (Y-IFN), IFN-a, tumor necrosis factor (TNF), TGF-y^ 
FLT-3 ligaud. and CD40 ligand. Cytokines play a role in 
directing the T cell response. Helper (CD4+) T cells orches- 
Irale the immune response of mammals through production 
of soluble factors that act on other immune system cells, 
including other T cells. Most mature CD4* T helper cells 
express one of two cytokine profiles: Thl or Th2. In some 
embodiments it is preferred that the cytokine be a Thl 
cytokine. 

[0166] The term "effective amount" of an imrnunostimu- 
latory nucleic acid and an asthma/allergy medicament refers 
to the amount necessary or sufficient to realize a desired 
biologic effect. For example, an effective amount of an 
imrnunostimulatory nucleic acid and an asthma/allergy 
medicament for treating or preventing asthma or preventing 
is that amount necessary to prevent the development of IgE 
in response to an allergen or initiator upon exposure to the 
allergen or initiator is thai amount necessary to cause the 
shift from I*h2 to Thl response in response to an allergen or 
initiator. 

[0167] Combined with the teachings provided herein, by 
choosing among the various active compounds and weigh- 
ing factors such as potency, relative bioavailability, patient 
body weight, severity of adverse side-effects and preferred 
mode of administration, an effective prophylactic or thera- 
peutic treatment regimen can be planned which does not 
cause substantial toxicity and yet is entirely effective to treat 
the particular subject. The effective amount for any particu- 
lar application can vary depending on such factors as the 
disease or condition being treated, the particular imrnuno- 
stimulatory nucleic acid or asthma/allergy medicament 
being administered (e.g. the type of nucleic acid, i.e. a CpC 
nucleic acid, the number of unmethylated CpG motifs or 
their location in the nucleic acid, the degree of modification 
of the backbone to the oligonucleotide the type of medica- 
ment), the size of the subject, or the se verily of the disease 



or condition. One of ordinary skill in the art can empirically 
determine the effective amount of a particular imrnuno- 
stimulatory nucleic acid and/or asthma/allergy medicament 
and/or other therapeutic agent without necessitating undue 
experimentation. 

[0168] Depending upon the aspect of the invention, the 
imrnunostimulatory nucleic acid and asthma/allergy medi- 
cament may be administered in a synergistic amount effec- 
tive to treat or prevent asthma or allergy. A synergistic 
amount is that amount which produces a physiological 
response that is greater than the sum of the individual effects 
of either the imrnunostimulatory nucleic acid or the asthma/ 
allergy medicament alone. For instance, in some embodi- 
ments of the invention, the physiological effect is a reduction 
in IgE levels. A synergistic amount is that amount which 
produces a reduction in IgE that is greater than the sum of 
the IgE reduced by either the immunostiniulatory nucleic 
acid or the asthma/allergy medicament alone. In other 
embodiments, the physiological result is a shift from Th2 
cytokines, such as IL-4 and IL-5, to Thl cytokines, such as 
IFN-y and 11,-12. The synergistic amount in this case is thai 
amount which produces the shift to a Thl cytokine that is 
greater than the sum of the shift produced by either the 
imrnunostimulatory nucleic acid or the asthma/allergy medi- 
cament alone. In other embodiments the physiological result 
is a decrease in cosinophilia, hyperreactivity, or lung func- 
tion. 

[0169] In some embodiments of the invention, the imrnu- 
nostimulatory nucleic acid is administered in an effective 
amount for preventing bacterial or viral infection. Imrnuno- 
stimulatory nucleic acids are known to be useful for pre- 
venting bacterial and viral infections. Bacterial and viral 
infections exacerbate and/or induce allergy and/or asthma. 
In this aspect of the invention, the imrnunostimulatory 
nucleic acid is administered to the subject in an amount 
effective to prevent bacterial and viral infection and the 
asthma/allergy medicament Is administered to the subject 
when symptoms of allergy or asthma appear. Thus, the 
imrnunostimulatory nucleic acid is administered to the sub- 
ject and then the asthma/allergy medicament is subsequently 
administered to the subject or they are administered together 
at the same time. This method is particularly useful in 
subjects such as children and immunocompromised sub- 
jects, or elderly subjects, who are particularly susceptible to 
bacterial or viral disease. 

[0170] In aspects of the invention directed at treating 
subjects in anticipation of an asthmatic or allergic event or 
season (e.g., in anticipation of the hay-fever season), the 
subjects may be administered an imrnunostimulatory nucleic 
acid in an effective amount for preventing the asthma or 
allergy. In related embodiments of this method, an asthma/ 
allergy medicament is also administered to the subject. In 
these latter instances, the amount of the imrnunostimulatory 
nucleic acid administered may be that amount necessary to 
reduce the effective dose of the asthma/allergy medicament 
which is required to treat or prevent the asthma or allergy. 

[0171] Thus, in these embodiments, the imrnunostimula- 
tory nucleic acid potentiates the effect of the asthma/allergy 
medicament. The ability to potentiate the effect of an 
aslhm a/allergy medicament is useful since it allows for a 
reduction in the administered dose of an asthma/allergy 
medicament with the same or belter therapeutic result As an 



